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SUMM4RY

“Column and plate compressive

J. Albert Roy
.

strengths of extruded
75S-T aluminum alloy were determined both within and .
beyond the elastic range from tests of’thin-strip columns
and local-instability tes’tsof H-, Z-, and channel-
section columns. These tests are part of an extensive
research Investigation to provide data on the structural
strength of varicus aircraft materials. The results, ‘
which are presented in the form of curves and charts that
are suitable for use in the design and analysis of air-
craft structures, supersede preliminary results yablished
previously. f

I?WRPPVCTIC’N

Column and plate members in an aircraft structure
are the basic elements that fall.by instability. For the
design of lightweight, structurally efficient aircraft,
the strength of these elements must be known for the
verious aircraft materials. An extensive research program
has therefore been undertaken at the Langley Memorial
Aeronautical Laboratory *O establish the column and plate
compressive strengths of a number of the alloys available
for use in aircraft structures. Parts of this investiga-
tion already completed are given’for 24.9-Tand 17S-T
aluminum-alloy sheet in references 1 and 2, respectively.

The results of tests to determine the column and
plate compressive strengths of extruded 759-T aluminum
alloy,whlch supersede preliminary results published in
reference ~, are presented herein.
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EXTRTJDFD 75S-T ATUMTYUM ALLOY

By George tT.Heimerl and J. Albert Roy

Column and plate compressive strengths of extruded
75S-T aluminum alloy were determined. both within and ~
bey-ond ~ke elastic ran~e from tests of thin-strip columns
and local-instability t.es’tsof H-, Z-, ancl channel-
section columns. These tests are part of an extensive
research investigation to provide data on the structural
strength of varicus atrcraf’t materials. The results,
which. are presented in the form o.P curves and charts that
are suitable for use in the design ancl analysis of air-
craft structures, supersede preliminary results nublished
yrevicusly.

Column and plate members in an aircraft structure
are the basic elements that fail. bj~ instability, For the
design of lightweight, structura].ly efficient aircraftj
the strength of these elements must be known for the
various aircraft materials. An extensive research program
has therefore been undertaken at the Langley Memorial
Aeronautical Laboratory to establish the column and plate
compressive strengths cf a number of the alloys available
for use in aircraft structures. Parts of this investiga-
tion already completed are given’ for 2)$-T and 17S-T
aluminum-alloy sheet in refere~.ces 1 and 2, respectively.

The results of tests to determine the column and
plate compressive strengths of extruded 75S-T aluminum
alloy,wk,ich supersede preliminary results published in
peference 5 , are presented herein.
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length of column

radius of ~ation

fi.xity coefficient used in Euler column formula

effective slenderness ratio of thin-strip column

width and thickness, respectively, of flange of
H-, z-, or channel ~ection (see fig. 1)

width and thickness, respectively, of web of H-,
z-,,or channel secticn (see fig. 1)

corn”erradius (see fig. 1).

n.ondimensidnal coeffl.cient used with ~ and ~
in plate-buckling formula (see figs. 2 and 3
and reference ~)

modulus of elasticity in compression, taken as
.10,500 ksi for extruded 755-T aluminum alloy

nondimensional coefficient (The value cf T is
so detemrdnefi that,when the effective modulus
T~c is substituted fcr E

f
h the equation

for elastic bucklinr of cc umns, the computed
critical stress a:~ees with the experimentally
observed value. The co~fficient T is equal
-tounity within the elastic ran~e and decreases

.. ..’ ‘with in&casing stress beyond t~e elastic range.)

7: nondimensional coefficient for compressed plates
. . cmrespcnding to T for columns

U. “ Poissonls rntio, taken as.O.5 for extruded
75S-T aluminum alloy

Ucr critical compressive stress .

u- average compressive stress at maximum load-

~cy compressive yield stress ,
.
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METHODS OF ‘I?WTIWGANZ)1.NAIYSIE. . ..

All tests were made in hydraulic testing machines
accurate within three-fourths of 1 percent. The methods
of testing and analysis developed for this researck.
program are described in reference 1 and may be briefly
suxmnarizedas follows:

The compressive stress-strain curves, which identify
the material for correlation with its column end plste
compressive strengths, were obtained for the with-grain
direction from tests of sin~le-th!ckness compression speci-
mens cut from the extrllded~{-sections.
rlade

These tests wero
in s compression fixture ar We 910ntgomery-Temalirl

ty~e, which ~rovides 1“.teral s:ln.lcrtthrouqh closely
snac(:drollers.

The plate ccmpr~sslvs strength of the raterjal was “
cbta:ned frozncompression t.c.stscf H-, Z-, snd cbennel-
section columns so ?ronortionad as to d.ovelrplocal
l~~tabilit , t~qattg,

L)
inst~.bilit~of tks pl.steelements.

(Sea fi~. The extruded 1:-Sfictjcnswere ~bt~incd in
thr~~ difi’erentweb wldth~: the flange widths of each were
varied by millinF off parts of We f’lm.ges. ‘Theflanges
of scme of the H-section extrusions were removed in such
a way ES tc make both Z- ar.dc!mnnel sections. The flange
widths of tke Z- and channel-section calumns were varied
in the same maimer as the f’ganflewidtibsfor the H-section
columns. The lengths CC the colvmns ware selected in
accordance with the princia].es set forth in reference 6.
The columns were tested with tlicen~s ground flat and
square and bearing directly a~binst the tcstin~-machine
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heads. In these local-instability tests measurements were
taken of tinecross-sectional distortion, and the crltlcal
stress was determined as the stress at the point near the
top of the lmee of the stress-distortion curve at which a
markad increase in distortion first occurred with small “
increase h stress.

A difference In the analysis presented herein from
that employed In reference 1 Is concerned with the
measurement of bF and b,cqfar use h evaluating ‘cr/~
by means of the equaticns and curves of figures 2 and 3.
In the theoret~cal deriv~tion of the pl,ate-buckling for-
mula mathematically Ideallzed sections were aswmed, in
wklch the effects of’the tkickncss of the flange and web
plate elements and W,e effect of’the corner condition -
square, curved, or I’Al.let- we~e ne~lect~d in establishing
the widths of the pll~te~le~,ents. Consequently, as the
~xparimental inv~~tt[j~tl~i~of’ bbe plnte compressive
strengt,hof aircraft r’ater~als Progresses, some arbitrary
dimension?.ng of the fl~n,p and web widths has been found
necessary in order th~t tih~theoretl.cel and experimental
lmckljng stresses agree w!thin the clestic range. In the
formed Z- and ckanncl sections of references 1 and 2 with
inside b~nd radius of thnee times the sheet thickness, the
wldtb.sof the flange and web w~re defined by centerline
widths with squera corne:-s assumed. In the extruded
sections w~th zmsll fillwtisrs.nortad herein, the widths
of the flange ard web wzre t’~finedby tne inside faco
dimensions, as shcwn in fipure 1.

Compressive stress-strain curves for extruded ‘75S-T
alumlnun alloy, which were selected as typical or average
curves for the COIU.EWma~erial, ere given in figure 5.
These curves were obtained f~om tests of compression
specim9na cut from the middle part of the flanges of the
extrusions as shown in ~j.gure 5.

In order to study tl?evariation of the compressive
properties over the cross section of an E-section extru-
sl.on,surveys were made by tests of co~ression suecimens
cut from the web and flanges of the H-sections. The
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variation of the compressive yield “stress Uc
f

over the
.. moss section is shown in tlgure 6. Values o a~y at

the outer part of the flanges were. generally higher than
those for the inner part of the flanges; the lowest value

“of ~cy was found in the.web in all cases. The stress-
strain curves of figure 5, representative of the material
in the middle part of the flanges, are therefore usually
typical or average curves for the flange material and show
values of ~cy that are uneonservatlve in comparison with
values of the compressive yield stress for the material
in the web.. “

The t’nin-strip or H-, Z-, “and channel-section columns
to which a particular stress-strain curve applies are “
lncilcated in table 1 to~ether with the values of acy for
that stress-~train curve. The values of uCy have-an
average of about 79 ksl for the with-grain direction.
The modulus of el.ssticity in compression was taken as
10,5O!Iksi, the present accepted value for e~trudcd 75S-T
aluminum alloy.

Column and ?l.ate Compressive StrenGths

Recause th~ compressive properties of an extr”uded
alumhnun alloy may vary considerably, the data and charts
of this report should not be used for desl~n purposes for
extrusions of 7~S-T al.umin~malloy that h~va appreciably
different compressive properties from those reported
h~rein, unless a suitable method is devised for adjusting
test results to account for variations in mat~r~al
properties. The results of the column and local-instability
tests of the extruded 75S-T aluminum alloy are summarized
herein; a discussion of the basic relationships is given
in reference 1.

column strength.- The column curve of’figure 7 shows
the results of tests of thin-strip columns loaded in the ..
with-grain directton. The reduction of the effective
modulus of elasticity TEC with the increase in column
stress is indicated by the variation of T with stress

> showq.in figure 8.

Plate compressive strength.- The results of the local-
instability tests of the H-, z-, and channel-section
columns used to determine the plate compressive strength
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are gfven In tables 2, 3, and 4.,respectively. The plate-
buckllng curves, analogous to the column curve of figure 7,
are shown in figure 9. The reduction of the .effectlve
modulus of elasticity qEc with the Increase in stress
for plates is Indicated bv the variation of q with stress,
which is shown together with the curve for T, in figure 8.
In this fl~re, the T-curve does not cross the T-curves as
it did for 2]+S-T aluminum alloy. (See fl.g.12 of refer-
ence 1.) The extruded H-,.Z-, and channel-section columns
of 75S-T aluminum alloy apparently were more nearly perfect
than the formed Z- and channel-section columns of 2@-T
al~minum alloy (reference 1), so that the q-curves for the
extruded 75S-T aluminum-all.cy colunms diverge from unity
at about the same poir.t as the T-curve, which is repre-
sentative of nearly perf’ect calumns.

The variation of the actual”critical stress ‘cr With

the theoretical. critical stress Ucr/T ccmputed for
elastic buckling b?~means of the formulas and curves of
fi~~es 2 and 3 is shown in figure I.C. In order to illus-
trate the difference between the cr!.tical stress Ucr
and the avergge stress at maxlmur~ load 5US the va~ia-
tion of ~cr with ucr~max is shown in figure 11.
Because val.ucs of =- may be required in strength cal-
culations, the variation of Zn= WIth ‘cr/~ is pre-
sented In fikgure 12.

Figures 9 to 12 show that the dsta fGr H-sections
described curves different frov those indicated for Z-
and channel sections. One of the r~asons why higher
values of %x war~.obtained for the H-sections than
for the Z- and channel sections for a given value of Ocr/q
(fig. 12) may be the fact that the high-strength material
in the flanges forms a higher percentage of the total
cross-sectional area for the H-section_than for the Z- or
channel section. For the H-section, %x is increased
over the value for the Z- or channel section for the
entire stress range covered l.nthese tests (fig. 12);
‘cr for the F-section, hcwever, is increased only for
stresses beyond tho elaatic range (fig. 10).

For the variation of acr With acrfimax (fig. 11)
and of ‘~ with acr/Tj (fig. 12), only a single curve
is required fcr a given type of cross section regardless
of the value of blN/b~l:whereas, in the corresponding
figures 15 and 16 of reference..l, separate curves wme
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necessary for different value~ of this ratio. ~iS dis-
tinction is probably due to the fact that the~e is no
increase in the compressive yield stress in the corners
of the extruded sections comparable with the increase in
the oorners of formed specimens caused by the cold work
of forming the shapes from flat sheet. Reference 1 shows
how the increased strength in the curved corners due to
forming might produce a variation in the average stress
at maximum load when biv/~ is varied.

Langley Memorial Aeronautical Laboratory
National Adv!sor:rCommittee for Aeronautics

Langley Field.,Va.
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COMP!?RSSIVE ?R~P~TI% W’ ZXTRUDED 75S-T AIUMIWM ALLOY

[Ec = 10,500 ksi]

-i

Ccluwns to which stress-strain
curves apply Stress- CoE~ressive yle:

.—.-..-—-~——

I
stra~n

Desigr=tion curve I
str@’*~J %y

m (tables 2 to 4.)
(ksi)

~ype (fig. 5]
—.—

Thin stri?

H

z

z

z

z

z
Channe 1

Chmne 1

Channe1

Channe1

Channe1

All I A

13a to 17c
~c

I

la h ~b
I

G

~a to 9c
I
1A
I

la to 3c IG

La to 5C I
IH

77.5

78.6

81.6

7993

79.1

7e.1

7y.1

7P.1+

7E.7

79.1

7795

79.1

7e.~

7t?.7

79.1

7795 ~

?!ATIO~TALAWISORY
CCMMITTEE FCR A??RCNAUTTCS
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TARE 2.- DIMSNSIONS AND TEST RESULTSFOR H-SECTI@RCOLUNNS

‘OIUEY

la
lb
10
i%
2b

~

4C
58
$;
6b
60

g

G

8

;:
10
lla
llb
llC
lza
12b
12C

13a
13b

lL
10

14b
14C
15a
15b
1s0
16a
16b
16c
l?a
17b
17C

18m
18b
19a
l$lb
19.2
Zoa
20b
20C
Zla
21b
21C
22a
22b
23a
23b
23c

.120

.121

.120

.120

.120
,121
.121
.120
,121
.121
.121
.120
.Ko
.121
.121
.121
.121
.121
.121
.120
.121
.121
.121
.120
.121
.121
.121
.121
.121
.120
.120

.120
,119
.119
.119
,119
.119
.119
.119
.119
.119
.119
.119
.119
.120
.119

.123

.123

.122

.123

.122

.122

.122

.122

.122

.122

.12:

.122

.12:

.12:

.121

.12[

% %1
in.) (in.]

,126 1.61
,126 1,61
.12 1.62

?,12 1.61
,1261.62
,1261.62
,1261.62
,1211.62
,1211.62
)1211.62
,126l.&
.1261.62
,1261.62
.1211.62
,1221.62
,1211.62
.1261.62
,1261.62
,1261.62
,1261.61
,1261.62
,1211.62
,1211.62
,1211.62
,1261.62
,1271.61
,1271.61
,1271.61
,1221.62
.1211.62
,1221.62

.1232.23

.1232.23

.1232.2

.1232.2?

.1232.23

.1232.2

.1232.21?

.1232.23

.1232.23

.1232.23

.123 2.23

.123 2.23
;;;; ;:;3

.125 2.2?

.121 2.7

.121 2.7k

.121 2.74

.121 2.73

.120 2.7

.119 2.7i

.120 2.74

.120 2.74

.119 2.74

.120 2.74

.120 2.74

.120 2.74
;::~ y~

.122 2:74

.122 2.7L

%
[in.)

).82
.80
.82
.90

“:y

.99

.99

.99
1.0s
1.0s
1.0
1.0 ~
1.0
1.0 i
1.16
1.1
1.1$
1.16
1.17
1.17
1.17
1.17
1.2
1.3
1.3i
1.34
1.31+
1.34
1.34

1.26
1.26
1.26
1.36
1.3

#

k
1: 3
1. 0
1.59

;:g

1:81+

1.16
1.14
1.24
1.24
1.22
1.37
1.3
1.3i
::f7

1.6i
1.96
~.96
2.24
2.24
2.24

m.. . . . . . . . . . . ..”. -----

L &
[in.) %

6.103.79
6.103.79
6.103.76
6.053.75
6.o73.7
6.103.72
6.08 3.75
8.755.40
8.755.40

% z:%
;:Jflj:o;
p~ ;&

;:$ ~~
. .

;:E .w
J:% ‘@
10.106.23
10.106.23

R w
::g 8:4;
:::~:+!
10.806:67

11.625.21
11.615.21
11,605.20
12.595.62
12.635.66
12.635.66
13.305.9
13.305.9!!

i
13.1 5.9-i
13.2 6.2c
13.836.2c
1 .816.19
?1 .706.59

i
14. 3 6.61
14. 6 6.54

11.494.1$

K! ; p{

t
1 .01 4.7i
1 .140 5.2(
14.415.2f
14.40 5.2t
15.21 5.5’
15.18 5.51
15.19 5.51
16.72 6.11

yj ; ;;j

17. 1 6.5(

~
F

2r
.9
.96
.96
.96
.96
.96
.99
.00
.9
.91

:;:
.00
.00
.00
.96

:%
.96
.95
.99
.00

:;1
.9
.93
.95
.99
.99
.99

.97

.97

.97

.97

.97

.97

.97

.97

.97

.97

.97

.9

.9J

.96

.95

.02

.01

.01

.02

.01

.02

.02

.02

.02

.02
,02
.02
.02
.02
.02
.01

2.
2*
2.
j%

2.3?
2.38
2.02
2.02
1.92
1.91
1. 1
11. 7

::%
1.62
1.63
1.63

!

1. 2
10 2

:. ~
1.

1:?2

::1$
1.33
1.17
1.1
1.11
1.14
1.14
1.14

I I

● O&. _ lr#2Eo~2
.-— , where E= = 10,500 ksl and p = 0.3.
m 12(1-p2)t#

26.
26.2
26
“128.

28.8
31.3

$::8
32.0
32.1
32●4
32.4
32
“b

;ka
34.6
3 ●9?3.0
%:;
36.2
37.2
37.1

q
E:5
l+z.1
8::

&

k:i )
(a)

~

43:0
23.0
22.2
06.3
06.5
00.
01.i

!#7

!
g:;

86:6
80.2
80.0
78.6
78.7
79.0
75.1

II
7 .2

iJf

63~2
60.1
59.9
59.9

62.2

ii:z

%::

w
~$.g

.

w
$.1

:1
X.1

61.3
62.3

?::;

~.;

$o
:1

g:~
20.6
20.9
21.3

7or
ksi)

G

g::

78:
76.i
77.0

pj

$;
7.
74.1
73.8
73.8
71.e
71.7
72.0
70.8
71.1
‘p!

69:0
62.0
61.6
62.b
61
“z61.

61.2

59.5
59.7
59.9
;;.:

53:1
50.3
51.0

WI
E.1
41.9
31.3
32.2
32.9

61.8
61.2

w

?!:?

k?:?

$5:7

??:f
26.0
20.2
21.5
21.9
—

‘er~
*

~

i
.9 1
.93
.975
.992
.9 5
8;;8;

:$~

.990

.992

:~g

●993
.97
x.9 1

.9 2
~

:;6~
.991
.945
.945
.973
.972
.978
.968

:%2
.972
.920
.922

:%:

:?l~

:783

%’

:Eg

.983

.962

.950

~$

:a;
.685

:282
.5;:

:~

:457
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Colulnr %
(h. )

0.120
.120
.120
.120
.120
.120
.“121
.120

,120
.120
.117
.120
.118
.119

● 122
.122
.122
.123
.122
.122
.121

‘F
(in.)

0.125
.125,12
.12 T
.125
.127
.127
.125
.124
.125
.122
.12
.12 t
.123

●121
.121
.120
.121
.120
.120
.120

TABLE 3.-DIMENSIONS AND TEST RESULTS FOR Z-SECTION COLUMNS

bw

(in. )

1.63
1.62

f
1. 2
1. 2
1.62
1.62
1.62
1.62

2.25
2.25
2.26
2.25
2.27
2.26

2.76
2; 76
2.76
2.76
2.78
2.78
2.78

%
(in. )

1.07
1.06
1.07
1.17
1.16
1.17
1.34
1.34

le~l
1.31
1.58

3
1. 8

;:8;

1.36
1.5
1.7 8
1.78
2.25
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Figure 4.- Local instability of an H-section column.



80 /
/, - /

w
/ / /

60 / / / / / / / / /

/

/

/ } / / 1 i / I
Locations from

ksi
20

0

UTKUU -V
Cmmmm-Kf

F.002+

Strain

z
o.

Figure 5.- Compressive stress- strain curves for extruded 75 S-T aluminum alloy,
(Curves A, B, C, etc. are identified in table 1.)

u-l



NACA ARR No. L5F08a Fig. 6

‘ATIONAL ADWSOQY
coMMJTTEE FW U~AuT,c5

Fiqure 6.- Variation of the compressive yield stress

over the cross section of an extruded H-section

of 75.5-T aluminum alloy. (Values in ksi.)



aCr

80

60

40

ksi

20

0
0 20 40

L
60

pvr

Figure 7, Column curve for extruded

alloy obtained from tests of thin-strip

NATIONAL ADVISORY

CO14NITTEE F~ lMONAUTICS

80

75 S-T

columns.

100

aluminum

qY= 77 I%i.

z
o.

r
UT
%
o
al
P



1.0

.8

.6

.4

.2

0

0 20

\ \

~(Thin-strip/
column s),

— ai$ =77 ksi v

\

30 40

NATIONAL ADVISORY
COMMITTEEf~ AERONAUTICS

Stress, ksi

50 60 70

Figure 6. -variation of q and T with stress for

extruded 75 S-T aluminum alloy.

80 90

z
o.

CD



NACA ARR No. L5F08a

8(

6(

4(
ksl

2(

o
0

H-

20 40

!iiii

I
NATIONAL A

Fig. 9

)

SORY
COMMITTEE FOR AERONAUTICS

60 80

&F%F
~ure 9.- Plate -bucklina curve for extruded
?3 5-T aluminum all;y obtained from .

F

teds of H -, Z-, and channel - section

columns. OCY= 79 lwi. “



NACA ARR No. L5F08a Fig. 10

80

.

70 — — — — — — —

60

50

40

si

30

20 (

10-

❑Ar,aulAnv,son,

o

-1.11 m —u

o 20 40 60 60 100 120 140

/
acr q,ksi

figure 10.-Variation of CJcr with oCr/q for plates of extruded

755-T aluminum alloy obtained from tests of H -, Z-, and

channel-section columns. UC9 = 79ksi .



NACA ARR No. L5F08a Fig. 11

aCr,ksi

60

A

6C

x

/“

40 H 2/ ‘“.

30
*I orU

r D

20

‘1
10 mL ❑ u

OH

UATIONN A9VlS0W

o

Cmwll-rcl m —u

o .2 .4 .6 .8 1.0

Figure 11.- Variation of Gcr with Qr/@mQX

for plates of extruded 75 S -T aluminum

alloy obtained from tests of H -, Z-, and
channel- section columns. ‘c y =79k.si.



NACA ARR No. L5F08a Fig. 12

80

70

I I I
LUIU

II I I I I I
In/ A

60

50

D

40

30

20
OH

. Ax

❑ u .

10

.,- Nvlm”
o

—.-.
1

0 20 40

Figure 12.-Variation of B~aX

aluminum alloy obtained

columns. Ocg =79 ksi.

60 80 100 120 140

/~cr ~, ksi

with aCr/~ for plotes of extruded 75 S-T
from tests of H-, Z-, and channel- section




